Introduction
Dislocation after total hip arthroplasty (THA) greatly diminishes the patient's quality of life, and dislocation thus ranks alongside loosening and infection as a major reason for revision surgery (1, 2) . However recurrent dislocation after revision THA reportedly occurs in 18%-35% of cases, demonstrating that revision surgery does not always resolve the issue (3) (4) (5) . There are several surgical options in revision surgery, such as hooded liner (6, 7) , constrained liner (5, 8, 9) , large femoral head (3, 10) , and dual mobility cup (11) (12) (13) . Use of constrained liner has the drawback of frequent postoperative breakage (5, 8, 9, 14) , large femoral head (15, 16) and dual mobility cup (17, 18) have no hospitals were referred to our hospital for the purpose of revision THAs. During revision surgery for these 53 (23 + 30) hips of 53 patients, we performed intrasurgical evaluation of stability; (i) gross findings of positive joint capsule and/ or soft tissue defect, and (ii) resistance to dislocation at 90° flexion and <60° internal rotation. Since 17 hips fulfilled both of these criteria, we additionally performed soft tissue reinforcement, to resolve dislocated THA for them. The other 36 hips received revision THA without soft tissue reinforcement. The 17 patients included in the present study were 3 men and 14 women with a mean age at revision surgery of 71.3 years (range 45-87 years), and the mean follow-up period was 63.9 months (range 18-96 months). No patients dropped out from postsurgical follow-up. The underlying disease that necessitated the primary THA was osteoarthritis of the hip in 12 joints, necrosis of the femoral head in 2, fracture of the femoral neck in 2, and rheumatoid arthritis in 1. In all cases, a posterior approach had been used for the primary and/or revision THA, and the direction of dislocation was posterior in 16 joints and anterior in 1. For these 17 hip joints, the mean time elapsed since the THA that had caused the dislocation was 39.1 months (range 3-193 months); the mean number of dislocations prior to revision was 4.6 times (range 2-9 times), and the mean number of previous revision THAs was 0.8 times (range 0-5 times) ( Table I) .
Surgical procedure and postsurgical treatment
In all cases, the posterior approach was used for the revision THA, the loosened implant was replaced, and implant alignment and soft tissue tension were adjusted as necessary. If joint stability could not be achieved, a larger-diameter head was chosen and adjusted to at least not dislocate anteriorly, and not dislocate less than 90° flexion/60° internal rotation. We additionally performed soft tissue reinforcement when satisfying the following situations: (i) there were major defects in the posterior joint capsule and/or surrounding soft tissues; and (ii) the posterior dislocation was suspected to occur easily (lacking the resistance over 90° flexion/60° internal rotation after the implant placement).
The procedure for soft tissue reinforcement with the LK ligament was as follows. The area from the posterior acetabular wall of the hip joint to the cotyloid groove was exposed subperiosteally. A 6-hole-type of AO curved pelvic reconstruction plate 3.5 (Depuy Synthes) was bent so that the distal third of the plate was positioned on the cotyloid groove. The central part of a LK ligament, either the LK2-40 type (50 × 500 mm) or the LK2-15B type (tight-sheet) (Yufu Itonaga), was attached on the surface of bone with a plate and six 3.5-mm cortical screws. 1 end (A) of the LK ligament was passed under the vastus lateralis muscle distally to the vastus ridge of the greater trochanter and extended to the anterior greater trochanter ( Figure 1B-A) , while the other end (B) was passed behind the stem-neck to the anterolateral greater trochanter (the anterior 1/3 of the gluteus medius insertion) ( Figure 1B-B) .
These 2 ends of the LK ligament were fastened together with the hip at the positon of 0° flexion/extension, 0° adduction/abduction, and 0° internal rotation/external rotation ( Figure 1C) , and thereafter the ends were buried in the vastus lateralis muscle. The LK ligament was also sutured to the soft tissue surrounding the greater trochanter in 10-15 places with No. 2 Ethibond sutures (Ethicon) (Figure 1D, F) .
In the postoperative rehabilitation, full weight-bearing was started as soon as possible depending on the condition of the implant, but hip positions involving flexion >90° or additional adduction or internal rotation were prohibited for the first 3 months, same as restriction after primary THA.
Evaluation items
We determined the success rate of surgical treatment for dislocation, the Harris hip score, cup abduction angle, cup anteversion angle, the changes over time in limitations on the hip internal rotation range of motion (ROM) at 90° hip flexion, failure concerning the plate and screws, and the rate of recurrent dislocation.
Statistical analysis
JMP version 8.02 software (SAS Institute) was used for the statistical analysis. The Mann-Whitney U-test and Wilcoxon's signed rank test were used, with p values <0.05 regarded as significant.
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Results
The successful rates of surgical treatment for dislocated THA with or without posterior soft tissue reinforcement were 82% (14/17 hips) and 89% (32/36 hips), respectively. The Harris Hip Score (HHS) in the group receiving soft tissue reinforcement was 82 ± 18 points preoperatively and 82 ± 14 points postoperatively with no significant difference (Table II) .
The maximum ROM of hip internal rotation at flexion of 90° which indicated the limitation of internal rotation was diminished over time after surgery, and became constant to 20° ± 7° at final follow-up (p<0.05) (Figure 2 ).
There was no failure concerning the plate and screws; they did not become dislodged or insecure in any patient. Moreover, no complications involving infection, fracture, neuroparalysis, or deep vein thrombosis occurred in any of the 17 cases.
Recurrent dislocation occurred in 3 hips. Intracapsular dislocation occurred in 1 patient at 3 months postoperatively, when a decrease in internal rotation limitation was observed; as of this writing, 4 years have passed after revision, and the patient had suffered intracapsular dislocation a total of 4 times but is being treated conservatively. In the other 2 hips, dislocation occurred at 5 years and 7 years postoperatively, and both patients subsequently underwent revision THA again due to repeated dislocation. Both of these hips had been reinforced with 2-15B type (the tight-sheet type) LK ligaments. In the 2 nd revisions, they both underwent soft tissue reinforcement with 2-40 type LK ligaments, and as of 8 months and 10 months after surgery, no subsequent dislocation had occurred.
Discussion
Despite the revision surgery for dislocation after primary or revision THA, recurrent dislocation occurs in many patients ( 3-5, 8, 9, 11-14, 19, 23) . In the present study, posterior soft tissue reinforcement was performed to treat 17 cases of intractable dislocation associated with soft tissue defects following THA or revision, and there was no subsequent dislocation in 14 of the cases (82%). Many studies have reported the efficacy of posterior soft tissue repair in primary THA via the posterior approach, which improves the stability of the hip after THA and decreases the risk of postoperative dislocation (25) (26) (27) (28) . Posterior soft tissue repair has also been reported to prevent postoperative dislocation even after revision THA (20) (21) (22) . However, repairing posterior soft tissue is quite difficult in many cases of repeated dislocation after THA because these cases involve a defect of posterior soft tissue that should be repaired.
Reported methods of soft tissue reinforcement or reconstruction to treat dislocated THA due to a soft tissue defect include reinforcement with an Achilles tendon allograft (29, 30) or an iliotibial band graft (31) , as well as reinforcement with an artificial ligament (32, 33) . The methods of soft tissue reinforcement used to treat posterior dislocation can be broadly divided into 2 types. The 1 st is to use a tissue graft or artificial ligament as reinforcement between the ischium or the posterior acetabulum and the posterior greater trochanter, thus preventing dislocation by limiting hip internal rotation (29, 31) . The other method involves reinforcement from the posterior acetabulum to the anterior greater trochanter via behind the stem-neck, preventing dislocation by encouraging the formation of fibrous tissue to replace the posterior joint capsule and stabilizing the femoral head (30) .
We used a plate to secure a folded-over piece of LK ligament to the base of the ischium, with 1 end (A) of the LK ligament secured between the ischium and the posterior greater trochanter to limit hip internal rotation ( Figure 1B-A) . The other end (B) of the LK ligament was secured between the ischium and the anterior greater trochanter, so that the artificial ligament would form a scaffold for the formation of fibrous scar tissue and stabilise the femoral head ( Figure 1B-B) . This method thus combines both techniques of soft tissue reinforcement. The distance between the ischium and the posterior greater trochanter increases during hip joint flexion, increasing the ten-sion on the LK ligament between the ischium and the posterior greater trochanter, which limits hip internal rotation as well as hip adduction. It has also been shown that the femoral head is more stable when its position brings it into closer contact with the joint capsule (34) , and the LK ligament between the ischium and the anterior greater trochanter was placed so as to adjoin the femoral head in order to give it greater stability.
In the present study, compared with just after the soft tissue reinforcement using an LK ligament, the limitation on hip internal rotation decreased over time postoperatively. The possible cause of this progress may have been because the LK ligament was attached to the greater trochanter with sutures, which did not anchor it very securely. It is therefore necessary to avoid large internal rotation as well as flexion and adduction movements until sufficient fibrous scar tissue has formed postoperatively in the sutured area to improve the mechanical strength with which it is secured, and patients should be instructed to avoid these postures for at least 3 months after surgery.
Postoperative subluxation (intracapsular dislocation) occurred in 1 patient in this study. Weakening of internal rotation limitation was observed from the early postoperative period in this case, and the cause was thought to be loosening of the sutures securing the LK ligament to the greater trochanter. Subluxation subsequently occurred 4 more times, but complete dislocation did not occur. The LK ligament between the ischium and the anterior greater trochanter and the fibrous tissue that formed along it may have prevented complete dislocation.
Dislocation also recurred in 2 of the present study's patients who underwent soft tissue reinforcement. Intraoperative findings of the second revisions showed that little fibrous tissue had developed around the LK ligaments and that breakage of the ligaments had occurred. In both cases, the type of LK ligament used was the LK2-15B (tight-sheet type), a type composed of tightly woven fibers. Regular LK ligaments are composed of coarsely woven polyester fibers, and the gaps between them are intended to act as a scaffold for the formation of fibrous tissue that increases the strength of the ligament (35, 36) . Generally, artificial ligaments and synthetic meshes consist of fine fibers, and it has been shown that larger gaps between these fibers encourage the formation of highly flexible, good quality fibrous tissue (37) . The tight-sheet type LK ligaments used in the patients who experienced recurrent dislocation consisted of tightly woven fibers, and this may have disturbed the formation of fibrous tissue. Consequently, the long-term application of direct, intense stress on LK ligaments on which sufficient fibrous tissue had not formed may have ultimately led to their breaking. This suggests that the regular type of LK ligament consisting of coarse fibers should be used for soft tissue reinforcement.
This study had a number of limitations. These included the lack of strict indication criteria for the use of soft tissue reinforcement, meaning that subjective judgements were involved. In addition, this was not a comparative study, and thus objective evidence for the effectiveness of soft tissue reinforcement was lacking. The follow-up period for some of the patients was short, and long-term outcomes were therefore unknown. Moreover, there was no objective evaluation of patients with a strong propensity to dislocation. Further longer-term studies of soft tissue reinforcement involving larger numbers of patients are needed in the future.
Conclusions
Novel soft tissue reinforcement with an LK ligament was performed during revision surgery to treat 17 cases of intractable dislocated THA associated with soft tissue defects. The hip dislocation was successfully resolved in 82% of the cases. The LK ligament used should be a coarse type with large gaps between fibers to encourage fibrous tissue formation. Soft tissue reinforcement during revision surgery may be useful in cases in which the hip joint is unstable due to a posterior soft tissue defect.
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